The aim of this case report is to depict a patient with locally advanced prostate cancer who was successfully switched from transdermal buprenorphine to oral, controlled-release oxycodone. A 79-year-old man was admitted to the palliative medicine out-patient clinic due to progression of prostate cancer after radical radiotherapy. His main complaint was pain in the perineum of severe intensity. The patient was treated with transdermal buprenorphine (TB) starting with the dose of 35 μg/h, subsequently increased to 52.5 μg/h and finally to 70 μg/h but after 4 months analgesia was unsatisfactory. In addition, the patient experienced drowsiness. TB was stopped and oxycodone controlled-release 10 mg twice daily was started, after 2 days increased to 20 mg twice daily, achieving satisfactory analgesia and less drowsiness. No significant adverse effects were present apart from moderate constipation controlled with lactulose. The patient continues his regimen with success and improvement in his quality of life.
Introduction -opioid switch
The management of moderate to severe pain in cancer patients is based on opioid analgesics therapy combined with co-analgesics administration and application of non-pharmacological measures depending on the type of pain and tumour; the holistic approach also comprises treatment of other symptoms, and psychosocial and spiritual support [1, 2] . However, when a given opioid therapy fails opioid switch (OS) is one of the possible methods to achieve satisfactory analgesia without intense adverse effects [3] . The rationale of OS is associated with limited cross-tolerance between opioid analgesics and differences in pharmacodynamics and pharmacokinetics [4] . About 60-90% of patients benefit from changing opioids [5] . A similar result may also be achieved by changing the opioid route of administration, e.g. from oral or transdermal to subcutaneous, intravenous or intrathecal route [6] . OS is indicated when pain is not relieved in spite of escalating opioid doses. In most cases, however, severe adverse effects of opioids are an indication for OS [7] . There are no clear guidelines as to which opioids are best for OS [8] . In many studies methadone seems to be effective when morphine or other opioids fail [9] . However, methadone possesses complex pharmacokinetics and its dosing needs significant expertise in pain management [10] . There are concerns that QT prolongation may be present and in some patients may lead to increased risk of arrhythmia [11] . One of the commonly used opioids for moderate to severe pain is oxycodone. There is a lack of clinical data on switching from transdermal buprenorphine (TB) to oxycodone. A significant problem is dosing of a new opioid introduced. The aim of this case report is to depict a patient with locally advanced prostate cancer who was successfully switched from TB to oral, controlled-release (CR) oxycodone.
Case report
A 79-year-old man was admitted to the palliative medicine out-patient clinic due to progression of an inoperable prostate cancer. The patient underwent adenomectomy in 2003 due to prostate adenoma. In 2008 adenocarcinoma of the prostate was diagnosed and the patient was treated with radical radiotherapy. The patient has a history of hypertension and continues hormone therapy with goserelin acetate. In January 2011 the patient was referred to the Department of Palliative Medicine. The patient performance status was ECOG 2-3, Karnofsky 50-60. His main complaint was pain in the perineum of severe intensity. The pain was constant, located in the lower abdomen and perineum (8-9 on a numerical rating scale: 0 -no pain, 10 -the most severe pain) that exacerbated during passing urine through the suprapubic cystostomy. His bone scintigraphy was normal. The patient also had normal results of renal and liver function tests, electrolytes and haemo-globin level. On admission despite treatment with non-opioid analgesics (paracetamol and ibuprofen prn) his pain was very severe. He started TB treatment with the dose of 35 μg/h, subsequently increased to 52.5 μg/h and finally to 70 μg/h; for breakthrough pain the patient was prescribed immediate-release (IR) morphine 10 mg. However, after 4 months of this treatment TB did not allow satisfactory analgesia (NRS 7) to be achieved although IR morphine (taken 3-4 times daily) provided some relief for 4-6 h. Other symptoms were weakness and loss of appetite. In addition, the patient experienced drowsiness. His regimen also comprised metoclopramide 10 mg three times daily and valproate 500 mg before sleep due to a history of a seizure episode.
At the beginning of May 2011 TB was stopped completely and the patient was switched to CR oxycodone at a dose of 10 mg twice daily; IR morphine 10 mg was maintained for breakthrough pain episodes. However, the pain decreased only to 5-6 according to NRS and after 2 days, the CR oxycodone dose was increased to 20 mg twice daily. The pain relief was satisfactory this time (NRS 3-4) and in spite of the dose increase the patient was more alert than during TB therapy. The patient takes 10 mg IR morphine once every three days on average for breakthrough pain episodes. No other significant adverse effects were present apart from moderate constipation that is controlled with lactulose 10 ml twice daily. Appetite loss disappeared after dexamethasone administration 1 mg in the morning. The patient has continued his regimen for 38 days with success until now with significant improvement of quality of life.
Oxycodone
Oxycodone is an opioid of step 3 of the analgesic ladder recommended by the EAPC (European Association for Palliative Care) as the first choice opioid for moderate to severe pain in cancer patients along with morphine and hydromorphone (Prof. Augusto Caraceni, personal communication). It displays a significant affinity to possibly κ and μ opioid receptors. A combination of morphine and oxycodone produces antinociceptive synergy with less sedation in rats than equivalent doses of either opioid alone. Limited crosstolerance is observed between oxycodone and morphine in rats and in clinical studies. Oxycodone possesses similar lipid solubility to morphine but lower affinity to μ opioid receptors. Oxycodone permeates the blood-brain barrier very quickly [12] . It causes degranulation of mast cells and histamine release to less extent than morphine. Oxycodone does not display immunosuppressive effects in experimental studies [13] .
Oxycodone displays high oral bioavailability (60-87%). The volume of distribution of oxycodone (2-3 l/kg) is comparable to that of morphine. The T 1/2 is approximately 2-3 h after i.v. administration, 3 h after administration with IR oral solution and approximately 8 h after treatment with CR oxycodone tablets. The maximum plasma concentration (c max ) is reached within 25 min after i.v. injection, 1.3 h after IR administration and 2.6 h after administration of a CR formulation. The c max after IR oxycodone administration is twice as high as an equivalent dose of CR oxycodone. The absorption of oxycodone is greater in women than in men.
The mean area under the curve (AUC) is 41% greater and the mean c max is 35% higher in women compared with men. Women cleared oxycodone about 25% more slowly than men [13] .
Oxycodone is metabolized in the liver primarily to noroxycodone through CYP3A4 and, to a much less extent, to oxymorphone via CYP2D6. Noroxycodone is metabolized to noroxymorphone through CYP2D6, and oxymorphone is metabolized to noroxymorphone by CYP3A4. However, oxycodone analgesia seems to rely primarily on the parent compound. Noroxycodone and oxymorphone also display affinity for μ opioid receptors. However, noroxycodone possesses only 17% of the potency of the parent compound. Oxymorphone, in spite of high affinity for μ opioid receptors, is produced in very small amounts. Noroxymorphone is produced in a significant amount and possesses significant affinity for opioid receptors. However, the blood-brain barrier is extremely impermeable to noroxymorphone in comparison to the parent compound; thus, its role in analgesia seems to be negligible. Low blood-brain barrier permeability is also characteristic of noroxycodone, oxymorphone and morphine [14] .
In patients with hepatic impairment, c max of oxycodone is 40% higher, and the AUC is 90% higher in comparison to patients with normal liver function. Therefore, in patients with liver cirrhosis or other hepatic diseases, the oxycodone dose should be reduced by half. Oxycodone is excreted through the kidneys. In patients with renal insufficiency, the oxycodone dose should also be reduced. Oxycodone concentrations in uraemic patients are higher than in subjects with normal renal function. In patients with renal failure, the oxycodone half-life is prolonged but it can range from 1.8 to 26 h. The elimination of oxycodone metabolites (noroxycodone and oxymorphone) is also impaired in patients with renal failure [15] .
CYP2D6 polymorphism does not influence oxycodone analgesia and adverse effects. Sertraline, which minimally inhibits CYP2D6, intensifies adverse effects of oxycodone (hallucinations, tremors), whereas fluoxetine and quinidine treatments significantly inhibit CYP2D6 and do not intensify oxycodone adverse effects. Oxycodone does not interact with amitriptyline, ciprofloxacin and levoquin but does reduce the oral bioavailability of cyclosporine by half. The CYP3A4 inducer rifampin greatly decreased oral and iv oxycodone AUC by 86% and 53%, respectively, and modestly reduced analgesia with an increase of the plasma metabolite-to-parent compound ratios for noroxycodone and noroxymorphone. A pharmacodynamic interaction of oxycodone with benzodiazepines, neuroleptics and antidepressants may intensify oxycodone adverse effects, especially sedation, and in patients who are more sensitive to opioids, respiratory depression. The inhibition of both CYP2D6 and CYP3A4 but not CYP2D6 alone may significantly affect oxycodone pharmacokinetics [16] .
Oxycodone may be given orally, s.c., i.v. and rectally. The bioavailability of rectal administration is similar to the oral route (61%), but greater individual variability exists. In Poland oxycodone hydrochloride is available in CR tablets (5, 10, 20, 40 and 80 mg) and in ampoules (10 mg/1 ml and 20 mg/1 ml) for s.c. and i.v. administration. IR tablets are currently unavailable in Poland. CR oxycodone formulation provides analgesia for 12 h with a plasma half-life of 37 min (38% of the dose) and an immediate analgesic effect for 1 h followed by a prolonged phase with a plasma half-life of 6.2 h (62% of the dose) [17] .
Discussion
This case report illustrates problems encountered during the care of a patient with advanced prostate cancer with severe pain due to local tumour growth being the main complaint. The patient also complained of weakness and lack of appetite, the latter easily controlled with a small dose of dexamethasone as megestrol acetate was poorly tolerated in this patient [18] . His pain was associated with local tumour growth and the patient needed a suprapubic cystostomy procedure. His bone scintigraphy and laboratory tests (renal and hepatic function, electrolytes and full blood count) were normal.
OS allowed better pain relief and a decrease of drowsiness to be achieved. Although OS is usually performed at in-patient units, the patient did it at an out-patient clinic while being in constant touch with a physician. There is no clear direct conversion ratio between TB and oral oxycodone. Taking into account that there is a similar or even higher ratio between transdermal fentanyl and TB [19] , the ratio between TB and oral morphine approximately equals 1 : 100. As for the oral route the dose of oral morphine is 1.5 or 2 times higher than that of oral oxycodone due to differences in oral bioavailability it might be assumed that for TB to oral oxycodone the ratio is about 1 : 50 or 1 : 75. The daily dose of TB 70 μg/h patch is 1.6 mg; thus it may be assumed that the equivalent oxycodone daily dose should be approximately 80 mg [20] . However, there is a recommendation to start with a smaller dose than in equianalgesic tables as incomplete cross-tolerance between opioids exists [21] . It was also taken into account that the patient is treated in an out-patient clinic. Thus the oxycodone treatment was started with the daily dose of 20 mg that was unsuccessful with respect to analgesia. However, an increase to the dose of 40 mg daily provided satisfactory pain relief and less sedation.
It is difficult to explain why in the patient oxycodone provides better pain relief and less sedation than TB. Perhaps it is associated with oxycodone's mode of action on opioid receptors as in comparison to morphine less adverse effects from central nervous system are observed in clinical studies [22] . TB exerts an antagonist effect on κ opioid receptors, while its main mode of action is believed to be mediated via μ opioid receptors [23] . The only adverse effect of oxycodone treatment observed in the patient was moderate constipation. Although it is controlled with lactulose the patient could probably benefit from administration of oxycodone/naloxone tablets [24] . Unfortunately, in Poland oxycodone/naloxone is not reimbursed for cancer patients and is thus relatively unavailable. Several studies have demonstrated efficacy of oxycodone in OS. In a prospective study of 186 palliative care patients treated with morphine 47 patients needed to change to an alternative opioid due to inadequate analgesia or adverse effects. In 37 patients a switch to oxycodone gave a positive outcome [25] . Oxycodone may also be administered as the first opioid [26] .
To conclude, a successful and safe switch from TB to oral CR oxycodone is possible and in this patient it was effective, improving analgesia and reducing sedation. Controlled clinical studies should be undertaken to establish direct dose ratio between these commonly used opioids of step 3 of the analgesic ladder. In this case OS was safely conducted at an out-patient clinic with a significant improvement of the patient's quality of life.
